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METHOD FOR MONITORING THE WORK 
CYCLE OF EARTH MOVING MACHINERY 

DURING MATERIAL REMOVAL 

TECHNICAL FIELD 

This invention relates to the monitoring of material 
removal from a Work site and, more particularly, to moni 
toring the Work cycle of earth moving machinery, such as a 
Wheel loader, on a land site. 

BACKGROUND ART 

The process of removing material from land sites such as 
mines has been aided in recent years by the development of 
commercially available computer softWare for creating digi 
tal models of the geography or topography of a site. These 
computeriZed site models can be created from site data 
gathered by conventional surveying, aerial photography, or, 
more recently, kinematic GPS surveying techniques. Using 
the data gathered in the survey, for example, point-by-point 
three-dimensional position coordinates, a digital database of 
site information is created Which can be displayed in tWo or 
three dimensions using knoWn computer graphics or design 
softWare. 

For material removal operations such as mining it is 
desirable to add additional information to this database. 
Core samples are frequently taken over a site in order to 
categoriZe and map the different types and locations of 
material such as ore, as Well as, the different concentrations 
or grades Within a given ore type. 

Using the above information, a mine plan can be devel 
oped. The mine plan can include an evaluation of the amount 
of topsoil to remove and stockpile or spread for reclamation, 
and identi?cation of the amount of overburden required to 
be moved in order to mine the ore. Finally, the plan may 
include the method With Which the actual ore Will be mined 
and removed. 

Generally a resource map of the site and the material to be 
mined is generated With boundaries corresponding to the 
different types and grades of ore. Surveying and stake setting 
creWs mark the site itself With corresponding ?ags or stakes. 

The mining of the ore is accomplished With mobile or 
semi-mobile loading machinery equipped With a tool such as 
a bucket. The loader removes the ore as indicated by the 
stakes and loads it one bucket at a time into a truck, for 
example. When the truck is ?lled, the truckload of ore is 
transported from the site for processing or stockpiling. 

During the loading operation the ?ags or stakes marking 
out the various types and grades of ore are vulnerable and 
are easily disturbed. It may also be difficult for the operator 
to see the ?ags, depending on the available light or Weather. 
Additionally, there may be several marked sections that look 
similar to the mapped area Which the operator is trying to 
locate from the paper copy of the site model. 

Because mines are typically set up to handle a given 
amount of material of given ore concentrations, errors in 
loading the Wrong material from the site can be costly. If a 
mine inadvertently provides a mill or processing plant With 
material that is out of speci?cation regarding the concen 
tration of ore, the mine may be liable for compensating the 
plant for any related production consequences. 

Therefore, tWo fundamental issues involved With mining 
a land site are: (1) determining the particular Work cycle of 
the earth moving machine, e.g., When is the earth moving 
machine loading and dumping material, and (2) determining 
the type of material being mined. There are currently some 
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2 
solutions to solve these issues. HoWever, these solutions 
consist of using expensive sensors, such as, payload moni 
toring systems, to determine When the bucket is being 
loaded, and using one or more GPS sensors to determine the 
location of the bucket at the Work site. Because reducing the 
cost of mine operation is a primary concern, a loW cost 
solution to monitoring the Work cycle of a earth moving 
machine and the type of material being mined is desired. 
The present invention is directed to overcoming one or 

more of the problems as set forth above by monitoring the 
Work cycle of a mobile machine on a land site utiliZing a 
minimal number of sensors. 

DISCLOSURE OF THE INVENTION 

In one aspect of the present invention, a method for 
monitoring a Work cycle of a earth moving machine on a 
land site is provided. The method includes the steps of 
determining a direction of motion of the earth moving 
machine as being either a forWard or a reverse direction of 

motion, determining a change in the direction of motion to 
an opposite direction of motion, determining a location of 
the earth moving machine on the land site Where the change 
in direction of motion occurs, determining a condition of the 
land site at the location, and determining a Work cycle of the 
earth moving machine in response to the condition. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a high level diagram of a resource map display 
ing a land site and an earth moving machine; 

FIG. 2 is a diagram illustrating a potential load region of 
an earth moving machine; 

FIG. 3 is a high level ?oW diagram illustrating a method 
of the present invention; 

FIG. 4 is a high level ?oW diagram illustrating a method 
of determining the relationship betWeen the heading of an 
earthmoving machine and the course of machine travel; 

FIG. 5 is a diagram illustrating a ?rst and second course 
of an earth moving machine; 

FIG. 6 is a ?oW diagram illustrating operation of a method 
for verifying the heading of the machine; 

FIG. 7 is an illustration of the angular regions used to 
determine the heading; and 

FIG. 8 is a diagram illustrating a mined update region of 
an earth moving machine; 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

The current invention provides a method for monitoring 
the Work cycle of an earth moving machine on a land site. 
FIG. 1 is an illustration of an earth moving machine 102 on 
a land site 104. The earth moving machine 102 has a bucket 
106, and a body 108. In the preferred embodiment the earth 
moving machine 102 includes a Wheel loader; hoWever, 
other types of earth moving machines are equally applicable, 
such as a track loader, etc. The land site 104 may be depicted 
in a resource map 110 Which indicates the topography and 
type of material at a given location on the land site 104. For 
example, the resource map 110 of FIG. 1 illustrates a land 
site 104 containing a ?rst and second material type 112, 114, 
and a region 116 of unknoWn material. The ?rst and second 
material types 112, 114 may be different material types, or 
the same material type containing different concentrations of 
the material. As the Wheel loader 102 travels through the 
land site 104 loading material, the resource map 110 is 
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updated to indicate Whether a location has been mined out. 
If a location has been mined out, then the resource map 110 
is updated as to the topography of the mined region 118. A 
location has been mined out if all of the material of a desired 
type from the location has been loaded. 

In the preferred embodiment, a Work cycle of a Wheel 
loader 102 includes a loading and a dumping operation. 
When a loading or dumping operation has been performed 
during the Work cycle, it is necessary to identify the type of 
material that the Wheel loader 102 loaded. One method of 
identifying the type of material loaded, Which is explained 
later, involves de?ning a potential load region of the body 
108 of the Wheel loader 102. 

FIG. 2 is an illustration of a potential load region 202. A 
potential load region 202 represents a portion of the land site 
104 Where the Wheel loader 102 may have loaded material 
at a particular time. In the preferred embodiment, the 
potential load region 202 of a Wheel loader 102 extends from 
a toe point sWath line 204 to the maximum extension of the 
bucket 106. The toe point sWath line 204 is a line that is as 
Wide as the bucket 106, and is located slightly in front of the 
leading edge of the tWo front Wheels 206 of the Wheel loader 
102. The position of the toe point sWath line 204 and 
maximum extension of the bucket 106 line are knoWn 
relative to the body 108. Therefore, position updates of the 
body 108 can be used to determine the position of the toe 
point sWath line 204, and the maximum extension of the 
bucket 106 relative to the body 108. The potential load 
region 202 is located on the same side of the body 108 as the 
Wheel loader bucket 106. 

Referring noW to FIG. 3, a How diagram illustrating a 
method 300 for monitoring a Work cycle of a Wheel loader 
102 is shoWn. In a ?rst control block 302, the method 
determines the current direction of the Wheel loader 102. For 
example, the direction of motion of a Wheel loader 102 is 
either the forWard or reverse direction. In a second control 
block 304, the method 300 determines Whether the Wheel 
loader 102 has changed to an opposite direction of motion. 
Continuing to a ?rst decision block 306, the method 300 
determines Whether the neW direction of motion is in the 
reverse direction. In general, a change in direction from 
forWard to reverse indicates that the Wheel loader 102 has 
either performed a loading operation, or a dumping opera 
tion. In the preferred embodiment, a positioning system (not 
shoWn) is used to determine the direction of the Wheel loader 
102 With respect to either a global reference system or a 
local reference system (not shoWn). The positioning system 
may include any suitable positioning system, for example, a 
Global Positioning System (GPS), a laser plane based sys 
tem or any other suitable system or combination thereof. 

With reference to FIG. 4, a How diagram illustrating one 
method of determining a change in the direction of the Wheel 
loader 102 is shoWn. In a ?rst control block 402, a direction 
status ?ag is initialiZed. The direction status ?ag has tWo 
states: F (ForWard) and R (Reverse). If the direction status 
?ag of the Wheel loader 102 is equal to ForWard, then the 
front of the Wheel loader 102 is pointed in the direction of 
travel. If the direction status ?ag is equal to Reverse, then the 
front of the Wheel loader 102 is pointed in the direction 
opposite of travel. In the preferred embodiment, the direc 
tion status ?ag is initially set to ForWard the ?rst time the 
machine 102 is ever turned on. After the machine 102 is 
turned on for the ?rst time, the state of the machine 102, 
including the direction status ?ag, is saved in a storage 
means (not shoWn) When the machine 102 is turned off, and 
read in from the storage means When the machine 102 is 
turned on, in order to maintain the previous state of the 
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machine 102. As Will be discussed later, the operator of the 
earthmoving machine 102 may toggle the direction status 
?ag via a calibration sWitch (not shoWn) if the assumption 
regarding the direction of the machine 102 is incorrect. 

In a second control block 404 a ?ltered heading is 
initialiZed. In the preferred embodiment, there are tWo 
characteriZations of heading associated With a machine 102, 
a ?ltered heading and an instantaneous, or current heading. 
A current course of machine travel is determined by deter 
mining a current position and previous position of the 
machine 102, and translating these positions into a corre 
sponding vector, as Will be discussed later. The vector 
determined from the current and previous positions repre 
sents the current course. The current course of machine 
travel is used to determine the current heading of the 
machine 102 by translating the vector de?ning the current 
course, into a corresponding angle de?ning the current 
heading of the machine 102. A?ltered heading is determined 
by storing the most recent current headings and ?ltering 
them in a manner that Will be discussed later. Initially, the 
assumption is that the current heading is pointing in the same 
direction the machine 102 is moving. Therefore, in the 
second control block 404, the ?ltered heading is initialiZed 
to be pointing in the same direction of travel as the machine 
102. 

In a third control block 406, the current position of the 
earthmoving machine 102 is determined from the position 
ing system. In the preferred embodiment the machine 102 is 
required to travel a minimum distance before a neW position 
update is determined. The minimum distance required to 
travel is based on the accuracy of the position estimate. 

In a fourth control block 408 the current course and 
heading of the machine 102 are determined. In one 
embodiment, the current course of machine travel is deter 
mined as the vector from the previous position to the current 
position. In another embodiment, the course of machine 
travel is received from the GPS receiver. The current head 
ing is determined by translating the current course vector 
into a corresponding angle. 

In a ?rst decision block 410 a determination is made as to 
Whether a calibration ?ag has been set. The calibration ?ag 
is set by the operator via a calibration sWitch (not shoWn). 
The calibration ?ag enables the operator to reset the ?ltered 
heading and the direction status ?ag during operation of the 
machine 102 if desired. If the calibration ?ag is set, then 
control passes to a ?fth control block 412 Where the ?ltered 
heading and the direction status ?ag are reset. In the pre 
ferred embodiment, resetting the ?ltered heading is done by 
setting the ?ltered heading equal to the current heading of 
the machine 102. The direction status ?ag is reset to 
ForWard, and then toggles betWeen ForWard and Reverse on 
successive calibration sWitch inputs. Control then passes to 
a sixth control block 414. 

If the calibration ?ag has not been set, then control passes 
directly to the sixth control block 414. In the sixth control 
block 414, the change in direction betWeen the current 
and previous course is determined. The previous course is 
determined as the previous current course of travel of the 
machine 102. As shoWn in FIG. 5, the previous and current 
courses are represented by vectors 502, 504 respectively. 
The change in direction in the course is represented by the 
angle [3 as shoWn. 

In a second decision block 416, if the angle [3 is greater 
than a predetermined reverse threshold angle, then control 
passes to a seventh control block 418. The reverse threshold 
angle indicates the maximum turning angle a machine 102 
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could make between tWo successive position updates With 
out changing direction of motion. If the reverse threshold 
angle is exceeded, then the machine 102 must have changed 
from a ForWard to Reverse direction or vice versa. The 
reverse threshold angle can be different for different types of 
machines. In the seventh control block 418, the direction 
status ?ag is toggled indicating the change in direction, and 
control proceeds to an eighth control block 420. 

Referring again to the second decision block 416, if the 
angle [3 is less than or equal to a predetermined reverse 
threshold angle, then control passes directly to the eighth 
control block 420. 

The method shoWn in FIG. 4, up to the eighth control 
block 420, has resulted in an initial determination regarding 
the relationship betWeen the current heading and the course 
of travel of the machine 102. The initial determination of the 
relationship betWeen the current heading of the machine 102 
and the course of travel Will noW be veri?ed. 

In an eighth decision block 420 the current heading of the 
machine 102 is compared With the ?ltered heading of the 
machine 102. In the preferred embodiment, comparing the 
current and ?ltered heading of the machine involves deter 
mining a heading difference betWeen the current heading of 
the machine 102 and the ?ltered heading. 

FIG. 6 eXpands on the eighth decision block 420 regard 
ing the comparison betWeen the current and ?ltered head 
ings. In a ?rst decision block 402 if the heading difference 
is less than or equal to the difference betWeen 180 degrees 
and the reverse threshold angle, then control passes to a ?rst 
control block 604. In the ?rst control block 604, the deter 
mination is made that the heading of the machine 102 is 
pointed in the same direction as the course of machine travel 
and therefore the state of the direction status ?ag is ForWard. 
The direction status ?ag is updated accordingly, and control 
is passed to a second control block 606. The angular region 
containing the heading difference referred to in the ?rst 
control block 604 is illustrated in FIG. 7 by the angle 0t. 

Referring again to the ?rst decision block 602, if the 
heading difference is not less than or equal to the difference 
betWeen 180 degrees and the reverse threshold angle, then 
control passes to a second decision block 608. If the heading 
difference is greater than or equal to the reverse threshold 
angle, then control passes to a third control block 610. In the 
third control block 610 a determination is made that the 
heading of the machine 102 is pointed in the opposition 
direction as the course of machine travel, therefore the state 
of the direction status ?ag is Reverse. The direction status 
?ag is updated accordingly. The angular region containing 
the heading difference referred to in the third control block 
610 is illustrated in FIG. 7 by the angle 4). Control then 
passes to the second control block 606. 

Referring again to a second decision block 608, if the 
heading difference is not greater than or equal to the reverse 
angle, then control passes to a fourth control block 612. The 
angular region containing the heading difference referred to 
in the fourth control block 612 is illustrated in FIG. 7 by the 
angle 0. 
As shoWn in FIG. 7, if control is eventually passed to the 

fourth control block 612, then the front of the machine 102 
could be pointed in either the same direction as the course 
of machine travel, or opposite the course of machine travel. 
The heading difference 0 could be either greater or less than 
180 degrees divided by tWo. Therefore a further determina 
tion needs to be made regarding the direction of the 
machine. 

In the fourth control block 612 a determination is made as 
to the relationship betWeen the heading and course of 
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6 
machine travel When the heading difference lies Within the 
angular region 0. If the heading difference is less than 180/2 
degrees then the current heading of the machine 102 is 
pointed in the same direction as the course of machine 
travel, otherWise the heading of the machine 102 is pointed 
in the opposite direction as the course of machine travel. The 
direction status ?ag is updated accordingly. Control then 
passes to the second control block 606. 

In the second control block 606, if the direction status ?ag 
is set to Reverse, then the current heading is modi?ed by 180 
degrees so as to point in the correct direction. The purpose 
of adding 180 degrees to the current heading is that When the 
current heading is initially calculated it is based on the 
current course of travel of the machine 102. If the determi 
nation is made that the state of the direction status ?ag is 
Reverse, then the course of machine travel and the current 
heading are actually pointed in opposite directions and the 
current heading needs to be modi?ed by 180 degrees to 
re?ect the correct relationship. Therefore 180 degrees is 
added to the current heading. 

Referring again to FIG. 4, once the heading difference is 
used to verify the current heading of the machine 102 in the 
eighth control block 420, control passes to a ninth control 
block 422 Where the ?ltered heading is updated by incor 
porating the current heading. In the preferred embodiment 
the ?ltered heading is updated by passing the current head 
ing through a loW pass ?lter. One eXample of such a loW pass 
?lter is the folloWing equation: 

Filtered Heading=(Filtered Heading*Scaling Factor)+(Current 
Heading*(1-Scaling Factor)) 

In the preferred embodiment, the previous course and 
position are updated to equal to the current course and 
position in the ninth control block 422. 

Control then passes to the third control block 406, and the 
method is repeated, continuously updating the current 
course, current heading, ?ltered heading and the relationship 
betWeen the heading and the course of travel of the machine 
102 throughout the operation of the machine 102. 

Using the method described in FIG. 4, the relationship 
betWeen heading of the Wheel loader 102 and the course of 
travel of the Wheel loader 102 may be determined. HoWever, 
other embodiments may be used to determine this 
relationship, including the use of a transmission shift sensor. 
For eXample, a transmission shift sensor is capable of 
generating a signal indicative of the transmission of the 
Wheel loader 102 being shifted from forWard to reverse and 
vice versa. 

Continuing With the ?rst decision block 306 of the method 
300, shoWn in FIG. 3, if a determination is made that the 
Wheel loader 102 has changed directions from a reverse to 
a forWard direction, then program control passes to the 
beginning of the method 300 With no determination regard 
ing loading or dumping. OtherWise, if a determination is 
made that the Wheel loader 102 has changed directions from 
a forWard to a reverse direction, then the location Where the 
Wheel loader 102 actually made the change of direction is 
established, as shoWn in a third control block 308. In a 
second decision block 310, the method 300 determines if the 
potential load region 202, established at the location the 
change in direction occurred, has been mined out, i.e., 
Whether all the material of a desired type located in the 
potential load region 202 has been loaded. A determination 
about Whether the potential load region 206 has been mined 
out involves the resource map 110. In the preferred 
embodiment, the resource map 110 is dynamically updated 
as the Wheel loader 102 performs the Work cycle. As the 
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Wheel loader moves through the land site 104 to load and 
dump material, a mined region 118 is updated as being 
mined out. The mined region 118 is formed by determining 
the mined update region 602 of the land site 104. 

FIG. 8 illustrates a mined update region 802. The mined 
update region 802 is established by determining the sWath 
path betWeen the previous and current position of the Wheel 
loader 102. The sWath path is the path covered by the toe 
point sWath line 204 since the previous position update. For 
example, FIG. 8 illustrates a sWath path, or mined updated 
region 802, Which consists of a region of the land site 104 
that is covered during a ?rst, second, third, and fourth 
position update of the toe point sWath line 204A, 204B, 
204C, 204D, respectively. 

While FIG. 8 illustrates the mined update region 802 after 
four position updates, in the preferred embodiment, the 
mined update region 802 is determined after every succes 
sive position update. The mined region 118 is then updated 
using the mined update region 802. 
As the Wheel loader 102 operates on the land site 104, the 

resource map 110 is updated based on the location of the 
Wheel loader 102. The resource map 110 continues to be 
updated during the course of mining the land site 104, by 
updating the mined region 118. Based on the dynamically 
updated resource map 110, an accurate determination can be 
made regarding Whether a potential load region 202 has been 
mined. In the preferred embodiment, if the resource map 110 
indicates that over one half of the potential load region 202 
has been mined out, then the potential load region 202, as a 
Whole, is considered to be mined out. 

Continuing With the second decision block 310 of FIG. 3, 
if the desired material in the potential load region 202 has 
been mined, then the method 300 identi?es that the bucket 
106 is performing a dumping operation, shoWn in a fourth 
control block 312, and control then passes to the beginning 
of the method 300. OtherWise, if the desired material in the 
potential load region 202 has not been mined out, then the 
method identi?es that the bucket 106 is performing a loading 
operation, illustrated in a ?fth control block 314. Finally, the 
method 300 determines the type of material that Was loaded 
into the bucket 106, shoWn in a siXth control block 308. 
Using the resource map 110, the method 300 correlates the 
location of the potential load region 202 of the Wheel loader 
102 When the Wheel loader 102 changes to a reverse 
direction, to the type of material identi?ed on the resource 
map 110 at that location. The type of material on the 
resource map 110 in the potential load region 202 is then 
identi?ed as the type of material loaded by the Wheel loader 
102. 

The present invention is embodied in a microprocessor 
based system (not shoWn) Which utiliZes arithmetic units to 
control process according to softWare programs. Typically, 
the programs are stored in read-only memory, random 
access memory or the like. The method 300 disclosed in the 
present invention may be readily coded using any conven 
tional computer language. 

Industrial Applicability 

The present invention provides a method for monitoring 
a Work cycle of a earth moving machine 102 on a land site 
104. In the preferred embodiment, the mobile machine 102 
includes a Wheel loader. The disclosed method is capable of 
determining When the Wheel loader 102 loads and dumps 
material, and also the type of material that Was loaded. This 
information constitutes the Work cycle of the Wheel loader 
102. The information can be conveyed to the operator of the 
Wheel loader 102 through the use of a display (not shown). 
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8 
A resource map 110 for the land site 104, such as shoWn in 
FIG. 1, is provided to the operator through a display. The 
display is capable of shoWing the location of the Wheel 
loader 102 on the resource map 110, the location of different 
types of material to be mined and the topography of the land 
site 104. As the Wheel loader 102 mines the land site 104, the 
disclosed invention monitors the Work cycle of the Wheel 
loader 102 and updates the resource map 110. Monitoring 
the Work cycle enables the Wheel loader 102 to automati 
cally keep track of hoW many times a particular truck is 
loaded, and With What type of material. Then, When the 
operator is ?nished loading a particular truck, he may simply 
push a transmit button that transmits information regarding 
the contents of the loaded truck to a central tracking facility. 
This alleviates the need for the operator to perform the 
cumbersome task of tracking the current contents of the 
truck being loaded. 

Other aspects, objects and advantages of the present 
invention can be obtained from a study of the draWings, the 
disclosure and the appended claims. 
We claim: 
1. A method for monitoring a Work cycle of an earth 

moving machine for moving material in a land site, the earth 
moving machine having a body and a bucket, the method 
including the steps of: 

determining a direction of motion of said earth moving 
machine as being one of a forWard and a reverse 

direction of motion; 
determining a change in said direction of motion to an 

opposite direction of motion; 
determining that said opposite direction of motion is said 

reverse direction of motion; 
determining a location of said earth moving machine on 

said land site in response to said change in direction of 
motion to said reverse direction; 

determining a condition of said land site at said location; 
and 

determining a Work cycle of said earth moving machine in 
response to said condition. 

2. Amethod, as set forth in claim 1, including the step of: 
determining a resource map for said land site; and 
de?ning a potential load region as a portion of said land 

site that is located betWeen said body and a maXimum 
extension of said bucket. 

3. A method, as set forth in claim 2, Wherein the step of 
determining a condition of said land site includes the step of 
determining that said material in said potential load region 
is one of available to be mined and mined out. 

4. A method, as set forth in claim 3, Wherein the step of 
determining said Work cycle includes the steps of: 

determining that a loading operation has occurred in 
response to said material in said potential load region 
being available to be mined; and 

determining that a dumping operation has occurred in 
response to said material type in said potential load 
region being mined out. 

5. A method, as set forth in claim 1 including the step of 
identifying a type of material loaded in said bucket. 

6. A method, as set forth in claim 1, Wherein the step of 
determining a change in direction includes the steps of: 

determining a position of said earth moving machine in 
response to receiving a GPS signal; and 

determining a change in direction in response to receiving 
multiple said GPS signal. 

7. A method, as set forth in claim 1, Where the earth 
moving machine includes a transmission and, Wherein the 
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step of determining a change in direction includes the step 
of sensing a shift in said transmission. 

8. A method for monitoring a Work cycle of an earth 
moving machine for moving material in a land site, the earth 
moving machine having a body and a bucket, the method 
including the steps of: 

determining a direction of motion of said earth moving 
machine as being one of a forWard and a reverse 

direction of motion; 
determining a change in said direction of motion to an 

opposite direction of motion; 
determining that said opposite direction of motion is said 

reverse direction of motion; 

determining a location of said earth moving machine on 
said land site in response to said change in direction of 
motion to said reverse direction; 
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determining a condition of said land site at said location, 

Wherein said condition includes one of available to be 

mined, and mined out; and 

determining a Work cycle of said earth moving machine in 
response to said condition. 

9. Amethod, as set forth in claim 8, including the steps of: 

determining a resource map for said land site; and 

de?ning a potential load region. 
10. A method, as set forth in claim 8, Wherein said 

potential load region is a portion of said land site that is 
located betWeen said body and a maXimum extension of said 
bucket. 


